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latitudinal gradients of diversity
species richness decreases with latitude,
in a pattern that has been related with current climate
e.g., Currie Am Nat 1991; Hawkins et al. Ecology 2003; Whittaker et al. Global Ecol Biogeogr 2007 (and many other)
massive climate changes
climate varies widely
through time
http://www.nesl.ucar.edu/
quaternary glaciations
glaciars occupied large parts
of Europe (and N America)
just 21,000 years ago
Ehlers & Gibbard 2004 Quaternary glaciations, Elsevier; http://www.esd.ornl.gov/projects/qen/nercEUROPE.html
current climate or climate changes?
dispersal to previously glaciated
areas shapes the distribution of
biodiversity in Northern latitudes
e.g., Montoya et al. Ecography 2007; Svenning & Skov Ecol Lett 2007 (and many other)
climate and climate stability since
LGM are highly correlated
Araújo et al. Ecography 2008
they share a lot of explained
Variance, stability is more
important though
StabCont Shared Unexpl
4.8 39.1 11.8 44.3
4.9 21.2 19.2 54.7
Reptiles
Amphibians
current climate or climate variability?
European scarabs
1º range map data for all 106 European Scarabaeidae species
their distribution is roughly limited by the location of the 0ªC isotherm
Baraud Coléoptères Scarabaeoidea d'Europe 1992; Löbl & Smetana Catalogue of Palearctic Coleoptera Vol. 3 2006; 
recent regional catalogues
temperature & climate variability
ECHAM3 scenarios (Braconnot et al. Climate of the Past 2007)
temperature and temperature variability
are not that much correlated
(Spearman R = - 0.654)
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they are better predictors
of scarab richness than
precipitation
Hortal et al. Ecol Lett 2011 (in press)
R2 OLS (%) Current Variability
Precipitation 36.2 8.1
Temperature 72.2 50.3
temperature & climate variability
temperature variability shows a strong relationship with richness in the north, 
where climate has varied importantly, but no relationship at all in the south
current
temperature
temperature
variability
Hortal et al. Ecol Lett 2011 (in press)
Geographically Weighted Regressions (GWR) perform a regression
per data point, weighting the importance of each data point
according to its distance to the focal data point
GWR & non-stationarity
Fotheringham et al. Geographically weighted regression 2002; Cassemiro et al. Global Ecol Biogeogr 2007
a relationship is stationary
when it is consistent across
space (i.e., constant slope
regardless of the location)
in non-stationary areas the
relationship can be
predictive (i.e., high R2),
but it is not explanatory
GWR richness vs. temperature variability identifies two regions,
separated by a sharp change in slope
non-stationary effect of glaciations
AIC
Slope
their limit roughly coincides with the 0ºC isotherm at LGM
Hortal et al. Ecol Lett 2011 (in press)
current climate and other environmental variables
are more predictive in the north:
different effects
Whole Europe OLS: n = 1056, r²adj = 0.841, F = 794.9
Southern Europe: n = 354, r²adj = 0.658, F = 97.0
Northern Europe: n = 701, r²adj = 0.837, F = 514.1
the relationship between richness and all these predictors except
AET varies from one region to the other
STABLE UNSTABLE U Z adj. P
Current Temperature 0.961 ± 0.355 0.458 ± 0.343 38566.5 -18.3 < 0.0001
Altitudinal range 0.151 ± 0.101 0.017 ± 0.173 57279 -14.29 < 0.0001
Spring Precipitation -0.004 ± 0.153 0.011 ± 0.123 106933 3.67 <0.001
AET 0.091 ± 0.081 0.114 ± 0.125 121902.5 0.47 0.64
Soil Organic Matter -0.076 ± 0.202 -0.012 ± 0.083 97171.5 5.76 < 0.0001
Soil pH -0.004 ± 0.141 0.004 ± 0.068 102759 -4.56 < 0.0001
Agricultural land use 0.092 ± 0.070 0.036 ± 0.063 68664.5 -11.86 < 0.0001
Hortal et al. Ecol Lett 2011 (in press)
different effects
latitudinal changes in the richness-climate relationship have been
attributed so far to differences in the responses to water and
energy gradients
e.g., Hawkins et al. Ecology 2003; Whittaker et al. Global Ecol Biogeogr 2007
true spatial turnover is higher in the South
(βSIM North = 0.74, South = 0.90)
dissimilarity due to nestedness is higher
in the North
(βNES North = 0.22, South = 0.10)
nested assemblages
the northern and southern assemblages
are also different in their patterns of
geographical variation in composition:
Hortal et al. Ecol Lett 2011 (in press); Baselga Global Ecol Biogeogr 2010
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while all species are present in the south,
just 38 (≈28%) inhabit the north, most of
them are generalist and widespread
northern patterns of European trees are also driven by widespread
species
restricted species were more affected by LGM
similar results
Svenning & Skov Global Ecol Biogeogr 2007
Onitini richness
only the older tribe (Onitini)
is not able to colonize the north
most of the species
colonizing the north (28)
are Onthophagini, nearly 1/2
of this highly speciose tribe
Onthophagini
Onitini
phylogenetically structured faunas
Hortal et al. Ecol Lett 2011 (in press)
phylogenetically structured faunas
Hortal et al. Ecol Lett 2011 (in press); Villalba et al. J Mol Evol (2002)
the species that colonized the north
are phylogenetically clustered 
(average NRI = 2.150, p<0.05)
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the differences between southern and northern scarab 
assemblages are also phylogenetically structured:
NRI per cell:
South = 1.085 ± 0.618
North = 2.388 ± 1.085
t = 21.497, p<0.001
areas of ‘new’ environments are inhabited by
more recent clades
phylogenetic niche conservatism
Hawkins et al. J Biogeogr 2005, 2006
e.g., Halffter & Edmonds The Nesting Behaviour of Dung Beetles 1982; Hanski & 
Cambefort Dung Beetle Ecology 1991; Martín-Piera & López-Colón Coleoptera, 
Scarabaeoidea I 2000; Davis et al. J Biogeogr 2002
ice age climate and evolutionary 
constraints
Scarabaeidae is a family of Afrotropical origin,
with adaptations to warm environments,
and constraints to live in colder ones
the response to temperature is a phylogenetically conserved trait 
for scarabs, and that climate filtering determines their ability to 
live in the north
the high colonization ability of scarabs would have
allowed them to colonize the north up to their
physiological limits
strong climate effects on biodiversity may
have an important historical component
Western European diversity
geographic distribution of all
Western European species on
a 100 km equal-area grid:
mammals, birds, amphibians,
reptiles, butterflies, dung
beetles, trees, Brassicaceae
and Caryophyllaceae
Hortal et al. J Biogeogr (in prep)
data for current and LGM
average temperature and
yearly precipitation
Hortal et al. J Biogeogr (in prep)
Current Climate
Climate Variation since LGM
Independent IndependentShared Unexplained
Current Climate
Climate Variation 
since LGM
GWR partition the effects of current and past climate throughout
the whole of Europe
based on annual precipitation and average temperature
current vs. historical climate
large independent effects
Hortal et al. J Biogeogr (in prep)
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mammals and butterflies
show large independent
effects of both current
climate and climate variation
since LGM
the independent effects of
climate variability are much
larger, and concentrated in
Central Europe
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Hortal et al. J Biogeogr (in prep)
most groups show larger portions of the
variation explained by the shared effects
of current climate and climate variation
since LGM
they show much smaller independent
effects of current climate
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large shared effects
Hortal et al. J Biogeogr (in prep)
reptiles and dung beetles are at the extreme of such gradient,
with almost no variation independently explained by current
climate
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large independent effects
unaccounted for factors
Hortal et al. J Biogeogr (in prep)
birds do it their way
B
ird
s
0.007
0.124
0.8690
differences between groups
e.g., Whittaker et al. Global Ecol Biogeogr 2007; Hawlkins et al. Ecology 2007
highly idiosyncratic
Hortal et al J Biogeogr (in prep)
Number of groups for which the independent
association with climate variation since LGM was
larger than that of current climate.
Red – most groups associated to current
climate; blue – most groups associated with
historical climate changes.
consistent geographical patterns
geographical patterns are highly
concordant among the groups
studied
historical climate changes are
important for most groups in
Central Europe
current climate is most important
in the north of Scandinavia
Hortal et al. J Biogeogr (in prep)
- Historical climate changes are more tightly correlated to the
species richness of all groups studied than current climate
when all Western European extent is considered.
- Most of the variation in species richness is explained by the
shared effects of current and historical climate, except for
mammals, birds and butterflies.
- However, the independent association of richness with
climate variation since LGM is always larger than that of
current climate.
current vs. historical climate
Hortal et al. J Biogeogr (in prep)
- The geographical variations in the independent associations
of current and historical climate with richness differ widely
among groups, although historical climate is often large in
Central Europe.
- In general, the majority of groups are more associated with
historical climate changes throughout most of Europe,
especially in Central Europe, and except in the North of
Scandinavia, where current climate is more important.
The effect of historical climatic changes on the current
distribution of biodiversity in Europe is larger, or at least
similar, than that of current climate.
current vs. historical climate
future prospects
- Understand the effects of glaciations on the European tree of
life, determining: why certain species went extinct, why some
groups have been more successful, which adaptations have
evolved recently, and why.
- Study the imprint of past climate in the phylogenetic and
functional structure of current European assemblages.
- Deepen the understanding on the nature of compositional
changes across Europe, evaluating the importance of the
routes of recolonization from glacial refugia.
- Identify the physiological and ecological particularities that
are under the differences between groups, and why do they
cause such differences.
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